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Figure 42 Photomicrograph of a dead, encapsulated,
and apparently unencysted metacercaria

of Apatemon gracilis on the viscera of a

trout, Note outer host capsule (arrowed),
and parasite (dark inner mass), Bar

represents approximately 200pm,

Figure 43 Photomicrograph of two normal cysts of
Apatemon gracilis on the viscera of a
trout, Note host capsule (arrowed) and
parasite cyst, Bar represents

approximately 200pm,
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Figure 44 Photomicrograph of an encapsulated
Apatemon gracilis cyst from the vitrecus

humour of a perch eye, Note fibrous
host capsule (arrowed) and cnclosed cyst,

Bar represents approximately 200um,

key to abbreviations on page xi






facing page 146

Figure 45 Diagram of the gross morphology of a
metacercaria of the subgenus  Diplostomum,
Ventral view, The main ducts of the
reserve excretory system, and a few calcarcous

bodies are shown, The connection betwecen

the primary and reserve excretory systems is
arrowed, The bar represents approximately

50 pm,

key to abbreviations on page xi




HF
Bl

4




facing page 147

o,

Figure 46

Figure 47

Photomicrograph of a Diplostomum sp,
metacercaria stained with alizarin red S.

Note red-staining calcareous Bodies (one
arrowed), Bar represents approximately 25um,

Photomicrograph of a frozen section of an
Apatemon gracilis metacercaria stained
with Sudan black V, Note large lipid
droplets (cne arrowed), Bar represents

approximately 1COum,
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Iigure 48 Photomicrograph of a section of normal
trout lens stained with haematoxylin and
cosin, Note healthy lens epithelium (arrowed)h

Bar represents approximately 50um,

Figure 49 Thotomicrograph of a section of trout
lens infected with Diplostomum spp.
metacercariae, and stained with haematoxylin

and eosin, Note invasive proliferation
of epithelial cells into lens cortex
(arrowed). Bar represcents approximately

S0um,

>

AN






facing page 149

Figure 50 Photomicrograph of a section of a stickle-

Figure 51

Figure 52

back eye stained with haematoxylin and

eosin, Note metacercariae of Diplostomum

gasterostei in retina (arrowed), Bar

represents approximately 250um,

Photomicrograph of a section of stickle-
back retina stained with haematoxylin
and eosin, Note Diplostomum gasterostei

metacercariae (one arrowed), Bar

represents approximately 100um,

Photomicrograph of a secction of trout
heart and pericardium stained with
hdematoxylin and eosin, Note presence
of many Apatcmon gracilis cysts (one
arrowed) within the pericardial cavity,

Bar represents approximately 2im,

key to abbreviations on page xi
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CHAPTER 3

EXPERIMENTAL STUDIES ON THE DEVELOPMENT OF STRIGEOID EGGS

INTRODUCTION

The eggs of strigeoids, as of many other trematodes and
psceudophyllidean cestodes, are operculate and develop

in water, Although there are numerous accounts of the
development of such eggs (see Smyth, 1966 pp 66-71, and
Erasmus, 1972 pp 45-50), experimental studies of
environmental factors influencing development and hatching
of operculate trematode eggs appear to be limited to
Fasciola hepatica (see Rowcliffe and Ollerenshaw, 1960).

During this study, eggs of Diplostomm spathaceun
were obtained from experimentally infected black~hcaded
gulls, The opportunity was therefore taken of carrying
out experimental studies on the factors affecting
development and hatching of these strigeoid eggs. It was
hoped that an understanding of these would help explain the

pattern of trematode infections in snails, to be discussed

in Chapter 4,

D. spathaceum is reported from numerous localities,
presumably differing greatly in their water chemistry,
During this study; infected snails were found in fast
flowing highland streams, as well as in static waters of
high conductivity (see page 51 ). Eggs will be faced
with differcent conditions according to where they are
deposited, In highland streams they may face prolonged
periods of low temperatures, In stagnant conditions
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t0Xygen depletion may occur, eggs may be buried in scdiment

.and encounter toxic dissolved substances, or turbidity may

tlower:incident light,

MATERIALS AND METHODS

- Eggs ,of Diplostomum spathaceum used here were
obtained by sieving the faeces of black-hecaded gulls fed -
-eyes of infected roach from the Forth and Clyde Canal,

- :For the collection of their faeces, gulls were placed in a

:cage with a grid bottom over a tray of water, Faecal
pellets were broken up by vigorous shaking in a jar of
water, The resulting slurry was poured through a nest

of sieves (Endecotts (test sieves) Ltd, London) and
‘washed with clean water, D. spathaceum eggs pass through
.an 88um aperture sieve, but are retained in a 37um sieve,
Eggs in washings from the 37um sieve were further
cleaned by washing and sedimenting, after the method of
.Orr and Hopkins (1969),

The development of a number of eggs was followed,
ﬂIndividual eggs were- placed in a tiny droplet of water on
& coverslip, This was inverted over a cavity slide,
'sealed with vaseline, and could then be observed with the
high power objectives of a Wild M~20 microscope,

For experimental work, cggs from freshly shed faeces
(312 hours) were used., After sicving and washing, eggs
-Were taken up in a drawn-out Pasteur pipette and
transferred to a solid watch-glass of about 3 ml capacity,
‘In this way, virtually all contaminants, such as uric
acid crystals, were eliminated, For ecach experimental or

control situation, a batch of four solid watch-glasses was

&
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used, each watch-glasé containing 100 eggs. Crystamycin
(Glaxo Laboratories Ltd,) was added to all incubation
media used to give 100 units of penicillin G and 0,1 mg

of streptomycin sulphate per ml of medium, This was to

RS
P A

inhibit bacterial growth in the watch-glasses,

To minimise evaporation from watch-glasses during
incubation, each was covered with a squarc of glass.
Several watch-glasses were placed together in a crystallising
dish containing a few mls of water (to maintain high
internal humidity), and covered with silver foil, Dishes

were then placed in the appropriate incubator,

With the exception of those incubated in total

' darkness, or in anaerobic conditions, each watch-glass
was examined at intervals using a Wild M-5 dissecting
microscope, Eggs in which the cyespots of the miracidium
were visible, or which had hatched, were counted,
Hatched eggs, which could be recognised by their open
operculum with remnants of the vitelline mcmbrane attached,
vwere removed with a drawn-out Pasteur pipette after each -
counting, All eggs which had hatched by the end of an
experiment were classed as viable. In the case of dark
Or anaerobic incubations, which were generally examined
before all eggs had hatched, ‘fully embryonated cggs were
also classed as viable, The day on which an experiment was

set up was counted as day O,

Experiments were set up to test a number of factors
which might influence developuent and hatching of
D. spathaceum eggs, and which might vary in natural vaters,

The .experimentai vegimes are summarised below,
1) Development time of cggs at different temperatures,

Eggs were incubated in distilled water at 40°, 30°,
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25°; 20°,' 15°, and 10°C in normal or cooled incubators

as appropriate,

Ability of eggs to hatch in dark,

' Watch glasses ébntaining eggs in distilled water
were incubated in a light-proof container at 25°%. Batches
of four dishes werc removed at intervals in a darkroom,
the remainder being returned to the incubator, Formalin
was added to dishes removed for examination to kill any
miracidia which otherwise might hatch in the light before |
examination, A control group was kept in the same
incubator and examined at intervals,

Ability of eggs to develop and hatch in low concentrations
of oxygen, or in the presence of inhibitors of aerobic

respiration,

Difficulty was experienced in sétting up anaerobic

R conditions such that oxygen concentration and egg

development could be monitored, Early attempts included
maintaining,eggs in boiled water under a layer of oil,

in a water bath under a gas manifold through which a
mixture of oxygen-free nitrogen (95%) and carbon dioxide
(5%) were passed, and in tubes of water through which the
Same gases were bubbled, 1In the first two cases, eggs
developed and hatched, but in the last, they did not,
lowever, design of these cxperiments was considered
faulty, and reliance was only placed on results obtained -
when eggs were maintained in McIntosh-Fildes anacroblc
jars. TFour watch-glasses were placed in each of three
such jars, Two jars were evacuated then refilied with
the oxygen~free nitrogen-carbon dioxide mixture three
times in day 0, and twice further on day 2, The third
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. jJar, evacuated in the same way but refilled with air,

'4)

acted as a control, All jars were kept at 25°C and

opened for cxamination on day 15,

Batches of eggs were incubated separately in two
commonly used inhibitors of aerobic respiration,
potassium cyanide and malonic acid, The former was used as
a 1,0 mM solution, and the latter as a 10 mM solution
(concentrations recommended by Dawson et al., 1969
pp 385 and 89), Cyanide was buffered to pH 7.0 in a
10mM phosphate buffer .(Dawson et al,, 1969 p 489), and
malonic acid neutralised te pH 7.0 with sodium hydroxide,
Control batches were incubated in distilled water, and

in phosphate buffer at pH 7.0,

In one experiment, eggs were allowed to develop in
distilled water for 7 days before being transferred to

a cyanide solution, All incubations were at 25°C,

Development and hatching of eggs in saline conditions,

In preliminary experiments, embryonated eggs were
placed in solutions of several.concentrations of
sodium chloride, Plasmolysis of the egg contents
occurred in 200mM but not in 150mM saline, 7The latter
is approximately equivalent in osmotic pressurc to the
contents of the duck small intestine (Crompton and
Edmonds, 1969) and was'chocen as the highest concentration
to be used, Batches were also incubated in two lower
concentrations, 50mM and 10mM sodium chloride, Controls
in distilled water and all experimental batches were

incubated at 25°C,



5) Development of eggs at different pH values,

Batches of eggs were incubated at 25°C in distilled
watcr buffered to pH valucs of 4, O 5,0, 6,0, 7.0, 8,0,
and 9.0.  The buffers used for the first trial were;

pH © " Buffer - Concentration
4,0 4 ( o
s } sodium acetate / acetic acid 10 mM

.0 - 8
6.0 , .
7.0 } phosphate buffer . 10 mM
8.0 ‘

9.0 glycine / sodium hydroxide - : 10 mM

In a second trial, citric acid / phosphate buffers
were used at 10 mM concentrations for pH 4,0 and 5.0,
Other buffers were as above, All buffers were used as
recommended by Dawson et al, (1969). Controls were

incubated in distilled water at 25°C,

Survival of eggs for protracted periods at low

.temperatures,

Eggs frcm freshly deposited facces were incubated
at about 4°C in a refrigerator. At intervals of about

two months, several watch-glasses were removed to an

incubator at 25°C, and their development at ‘this

‘temperature followed,

In another experiment, eggs were allowed to

‘develop at 25°C for 7 days before being placed at 4°c,

After 5 months at 4°C, these eggs were returned to 25°C
and their development followed. Controls were

‘incubated in distilled water at 25°C.
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RESULTS

A) Development of epgs and the hatching process,

Thirty eggs, removed from gull facces immediately
after their deposition, measured 96-126um (mean 109um)
by 60-72um (mean 65um), Eggs are oval in shape, slightly
- asymmetrical about the long axis, and golden brown in
colour. A zygote containing two pronuclei lies towards
the opercular pole of the egg and measures 16-22um
in diameter (18um in 9 of 17 observations), Boundaries
between vitelline célls are very indistinct at this
stage, The first few divisions of the zygote were
observed to follow an asymmetrical pattern similar to
that described by Pearson (1961) for Neodiplostomum
(=Fibricola) intermedium, After the first 24 hours,
and for the next 4-5 days at 25°C, the cmbryo appears as
a disc of cells, at first lying close to the operculum,
but becoming more centrally placed later. Boundaries
between the polyhedral vitelline cells are more obvious
after 5-6 days, After 7 days, the cmbryo is clongated,
and the eyespots are visible as poorly outlined regions
of dark granules, Flame cells and slight movements of the
embryo may be seen at this time., Vitelline cells are
now reduced in size, spherical in shape, and do not
entirely fill the egg caQityQ In fully developed eggs
(from day 8-9 at 25°C). no structure was scen analogous
with the viscous cushion at the opercular pole of
Fasciola hepatica eggs, Figure 53 shows several
developmental stages of the egg of D. spathaceum,

Detailed observations on the hatching process were
not made, However observation led to the belief that
the sequence of events is very similar to that described




by Pearson (1961) for Neddig}ostomum intermedium,

Pearson observed that the vitelline membrane with its
enclosed miracidium is partially extruded from the egg
when the operculum opens,. The miracidium then ruptures
the membrane and escapes. A similar process is thought to
. occur during the hatching of D, spathaceum eggs, but this
- could not be confirmed, After the operculum opens the

miracidium emerges rapidly, Sometimes, however, it

becomes trapped in the opercular opening and swims,
trailing the shell, .for a few minutes before freeing
itself, In an empﬁ& shell, the vitelline membrane has
come away from the wall, and is seen as a small loop

suspended within the opercular opening,

B) Interpretation of experimental results

The results of each experiment werc intended to
‘indicate the rate of development of eggs, the length of
their peak hatching period, and their viabilities in
each situation, On six occasions, batches of eggs
incubated in distilled water at 25°C, served as controls,
Examination of the results from these six batches
suggested a means of expressing the desired measurements,

When the percentage of viable ecggs hatching in .
cach 2-day period is ploétcd against time, a skewed
distribution is obtained (Figure 54 - for derivation of
this graph, see below), The majority of viable eggs

- hatch over a relatively short period, the remainder,

forming the "tail" of the skewed distribution,

hatchlng over a longer period. The length of the "tail"
varied, even though batches of eggs were given ldentical
o Freatments (Figure 55). Results were graphed as
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cumulative percentage of viable eggs hatched by each
. day of observation, Points were connected by straight

lines,

Similar curves were obtained for all experimental
batches, 1In every case, over 50% of the viable eggs hatched
within the period covered by the "bulge" of the skewed
distribution, Graphical determination of the day by
which 50% of viable eggs had hatched therefore gives
a measure of the rate of development of the eggs., To
estimate the length of the period of peak hétching,
the number of days over which the first 75% of viable
eggs hatchéd, was determined graphically, In most cases
this corresponds closely with the period of the "bulge"
of the skewed distribution,

Figure 55 gives cumulative percentage hatching curves
for the six control batches, Their times for 50%
hatching were 12,9, 13.8, 11,8, 14,0, 12,8, and 11,2
days., Their viabilities were 73%, 89%, 93%, 97%,
96%, and 88%, and their periods of peak hatching,
9.0, 6,8, 2.8, 4,4, 2,6, and 5.2 days respectively,
If these values can be considered as samples from
normally distributed populations of values, their means
and standard deviations can be utilised, Thus the
time of 50% hatch for the control batches is 12,8 * 1.1
days, their viability 89 * 9%, and their period of
peak hatching 5,13 I 2,5 days, For analysis of the
~ data these values were taken to represcnt the control
| situations, Values lying more than two standard
deviations from the above means were considered to
differ significantly from them, This crude statistical
approach appears adequate in view of the nature of the
data,
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For graphical cémparisdns, daily values from the

' 5ix control graphs. (Figure 55) have been averaged to

1)

‘Devélopﬁént time ofléggs at different tempe;dtures.

give the combined curve in Figure 54 (used also in
Figure 56), The graph of percentage of viable eggs
hatching over cach 2-day period, also in Figure 54, has

been derived from.the combined control graph,

C) Experimental results

Figure. 56 presents graphs of cumulative percentage
hatch of eggs incubated in distilled water at different
temperatures, Data derived from this is shown in
Table 21, |

Temperature differences have a more dramatic effect
on the hatching times of eggs than on their viabilities
or periods of peak hatching, The number of days to 50%
hatch decreases exponentially with increasing temperature
to a minimum at 30°C, Above 30°C, hatching time does
not decrease.furtker, and the percentage of viable eggs

‘drops considerably., At 30°C and 20°C the percentage

of viable eggs did not differ s1gnificant1y from that
at 25°c, Bacterial or fungal contaminants in the )
watch-glasses were con51dered responsible for the much
lower viability of eggs at 10°C, Othker cxperiments
(Pa e 161) suggestud fhat éggs may remain viable for
mﬂny months at low tempcratures.

The lowest temperature for development was not
exactly determined. Egés do not develop at 4°C, and
extrapolation from the curve in Figure 57 suggests that
significant development would not occur below 10°C,
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 ;2) The ability of eggs to hatch in the dark,

The results obtained during two trials of this
experiment are shown in Table 22, Neither the time
for 50% hatch nor the viabilities of the experimental
batches differed significantly from that of the
combined controls., The peak hatching period could

not be determined.accurately from the data,

'3) The ability of eggs to develop and hatch in low
~ concentrations of oxygen, or in the presence of

%, inhibitors of aerobic respiration,

All anaerobic jars were opened on day 15. In one
of the experimental jars, 36% of the eggs had hatched,
and 97% appeared viable, In the other, 95% had hatched
and 98% appeared viable, In the control jar, 89% had
hatched and 98% appeared viable, It was concluded that
€ggs can develop and hatch in low oxygen concentrations
with apparently undiminished viability, It should
also be pointed out that eggs in this experiment were

in darkness throughout their incubation period.

-The results of incubation of eggs in respiratory
inhibitors are shown in Table 23, The only significant
effect of respiratory inhibitors on eggs was to delay

 the hatching of those incubated in cyanide from day zero,
"~ Those in malonic acid, or in cyanide from dsy 8, did
not differ from controls, Neither viabilities nor
Peak hatching period were significantly affected by the
experimental treatments, Eggs incubated in cyanide from
day 0 showed little sign of development for several days
relative to controls, but subsequently developed

normally,
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4) Development and hatching of eggs in saline conditions,

D. spathaceum eggs are capable of normal development
and hatching in all salt concentrations in which they
were incubated (Table 24), One of two batches incubated
in 150mM sodium chloride was dclayed in hatching relative
to controls, During plasmolysis experiments (scec page 154)
numbers of eggs were secen to hatch in 200mM sodium
chloride, at which concentration some plasmolysis of

the egg contents occurs,

5) The development of eggs at different pli values,

Eggs failed to develop in the acctate buffer at
pH 4,0 and 5.0 during the first trial, Duc to
bacterial contamination of the batch at pll 9,0 in the
first trial, and of that at pH 4,0 in the seccond,
data for these arc not given, although some eggs were
seen to hatch in cach case, Other results are shown
in Teble 25,

Between pH 6,0 und 8,0 inclusive, experimental
batches did not differ significantly from controls for
any parameter, Datches at pH 5,0 and 9,0 showed
delayed hatching, and that at pH 9.0 a prolonged period
of peak hatching,

6) Survival of cggs for protracted periods at low

temperatures,

In incubations lasting over onec month, bacterinl
contamination of the watche-glasses was sometimes a
problem, Much quantitutive data on survival of eggs
at low temperatures was lost because eggs could not
be clearly scen in contaminated watch-glasses,



16

An undetermined proportion of uncmbryonated eggs
incubated at 4°C for six months subsequently developed
and hatched on retﬁrn to 25°C, Of 282 cmbryonated cggs
(incubated at 25°C for seven days) kept at 4°C for five
months, 87% hatched within 15 days of being returned to
25°C, Numbers of cmbryonated eggs kept at 4°C for 11
months hatched on return to 25°C,

In all experiments réported ﬁcrc, miracidia
remained motile, and apparently unaffected by
vhatever medium they hatched into,

DISCUSSION

0f all experimental trecatments to which eggs were
subjected, incubations at different temperatures
showed the most dramatic differences., Curves of
hatching timec against temperature constructed by
Dubois (1929) for eggs of Stripea tarda (=Cotylurus
coyxnutus) and by Rowcliffe and Ollerenshaw (1960) for
Fasciola hepatica closely resemble that in Figure 57
for D. spathaceum, For both D, spathaceum and F, hepatiea,
development probably does not occur below 10°C, nor
is development time further decreased over 30°C,

In Scottish watefs at lecast, temperatures over
20°C are rare, and the development of cggs nbave this
figure neced not be considercd, Tempcratures in the
River Almond at College Mill Trout Farm durlng 1972-
1973 ranged frem 0°C to 20°C (sce Figure 63),
Temperatures of 10°C or over were recorded between the
end of April and the beginning of October, ond temp-
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cratures over 15°C occurred for short periods only,
between June and August of cach year, The greatly
shortened development time above 15°C would suggest that
~ the majority of particlly cmbryonated cggs present in

a fish farm might hatch during the short periods

when temperatures rise towards 20°C, The implications

are discussed further in Chapter 4,

Data given by Styczynska= Jurewicz (1965a) and Ly
Rowcliffe and Ollerenshaw (1560) indicate that the
development of eggs of F, hepatica is slowed or
suspended in anacroﬁic conditions, The development of
eggs of D, spathaceum in such conditions, and in
cyanide solutions, suggests that eggs of this species
are at least facultative anacrobes, Eggs in bottom
scdiments, where strongly reducing conditions can occur,
or in stagnant ponds may thus be able to continue

their development,

Styczynska-Jurcwicz (1965b) has reported that eggs
of F, hepatica con develop in salinities up to about
200 mM sodium chloride. D. gpathaccum can also develop
in saline conditions (79-92% viability in 150 aM sodium
‘chloride), These values are above salinitics recorded
by Cichowlas (1961) in a part of the Baltic Seca where
lymnacids infected with D, spathaceum were found, It
is likely that some fluke eggs can develop and hatch in
salinities above those tolerated by their snail hosts
(data in Styczynska-Jurewicz, 1965b),

Although pH values of natural waters may vary
between 1.7 and 12,0 (lutchinson, 1957 p 68l),
Carpenter (1928 p 68) has comrented that "by comnon
observation, animal life =--- scldom occurs at all
below pll 4,7 or above pH 8,5"., Eggs of D, spathaceun
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can develop and hatch between these values, The
variability in their hatching time and viability
observed experimentally arc not considercd of major

biological significance,

The surv1va1 of D. spathaceum eggs despite pro-
longed incubation at low temperatures suggests that eggs
can overwinter in the field, This is further discussed

in Chapter 4,

Specific stimuli are often considered essential
for hatching of operculate trematode eggs (sce Erasmus,
1972 p.49), Eggs of D. spathaccum, however, appeur
capable of hatching without apparent stimuli under any
conditions.in which they can develop,

Light has been considered a neccessary stimulus
for the hatching of many eggs (Rowcliffe and Ollercreghaw,
1960, and Rowan, 1956 for F, hepatica), Amongst the
strigeoids, ecggs of Alaria spp. require light for normal
hatching (Pearson, 1956) whereas those of Fibricola

cratera do not (Hoffman, 1955). Hilliard (1960)

observed that eggs of some specles of the pscudophyllidean
genus Diphyllobothrium require light as a hatching
stimulus, whereas others do not, Similar variabllity

is not unexpccted therefore among the trematodes,

Rowan (1957) and Wilson (1968) working on

F. hepatica, and Pearson (1961) on Neodiplostomum

(»Fibricola) intermedium, considered that hatching is
prcceded by an inflow of water into the cgg. This
Increases internal pressure and helps to rupture the

operculum, Contents of embryonated D, spathaceum eggs
suffered plasmolysis in 200 mM sodium chloride, btut
were capable of hatching in this solution, Simple
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dilution and swelling of egg contents by an inflow of
water is not a plausible explanation of hatching under
such conditions, ﬁggs of D, spathaceum and N, intermedium
(see Pearson, 1961) lack the viscous cushion, common

to many trematodes, which expands by hydration to

increase internal pressure during hatching, The nature of
the cushion material in F. hepatica is such that it can
expand in 170 mM sodium chloride, at which salinity the
remaining egg contents lose water osmotically (Wilson,
1968), The hatching mechanism in strigcoids must differ
scmewhat from that in F, hcpatica, Pearson (1961)
suggested that material between the shell and vitelline
membrane of cmbryonated N, intermedium cggs may play a
part in hatching. If this should prove similar in

nature to viscous cushion material, the paradox of

eggs hatching in isotonic or hypertonic solutions may

be resolved,

During their development, trcmatode eggs may be
ingested by snails, Many species have cvolved to
exploit this possibility, only hatching after being
caten by a snail (Frasmus, 1972 p 46), Fully devecloped
D, spathaceum eggs were occasionally scen to be
ingested by Lymnaea peregra, but appeared later in the
facces, unhatched but still viable,

SUMMARY

1) The development and hatching of eggs of a
representative strigeoid (Diplostomum spathaceum)

were briefly described.

2) Experimental studies on D, spathaceum eggs revealed
that they are capable of normal development and
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hatching under all conditions of pil, sa}inity, and
oxygen concentration in which snail hosts are likely

to occur, Their development rate appears negligible
below 10°C, but increases exponentially with temperature
to a maximum at about 30°C, The eggs are capable of
hatching in the dark, and of surviving long periods at

low temperatures,
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EXPLANATORY NOTE FOR TABLES 21-25

Some column headings in these tables could not be
- made both brief and entirely self-explanatory,

The "Day of 50% Hatch" column gives the number of
days from the start of an incubation until 50% of the
viable eggs had hatched, This gives a measure of the
rate of development of the cggs.

The "bays for 75% Hatch" column gives the number of
days over which the first 75% of viable cggs hatched,
This gives a measurc of the length of the hatching

period,

The same control values were used in each experiment,
expressed as the mean of values from several control

batches and the standard deviation of these values, In
each column " S.D.'s from Control', the figure quoted

is the number of standard deviations (of the control
batches) by which the experimental value differs from

the control mean,

A full explanation may be found in the text, on

page 157,



TABLE 21:

Texmperature

40°C

30°C
(2 batches)

25°C
(ccmbined value for

the 6 control batches)

20°C
(2 batzhes)

15°C

10°C

Times for 50% hatch, viabilities, and periods of peak hatching of

Diplostozum spathaceum eggs incubated at different temperatures

Dzy of T s.p.ts

50% Hatch from Control

8.6 3.8
8.0 4.3
8.8 3.6

12.8 1.1 -
19.4 6.0
19.7 6.3
40.4 25
162 117

%

Vizble

23

S.D.'s
from Control

7.3

<1
<1

Days for
75% Hatch

4.6
5.0
5.8

5,13 T 2.5

20,4

50

I S.D.'s
from Control

<1-

<1
<1

<1
<1

16

18

(91



TABLE 22:

Batch

Trial 1

Trial 2

Conbined
Controls

Times for 50% hatch, and viabilities of batches of D, spathaceun eggs

Day of
50% Hatch

11,2

13.4

12.8 1.1

maintained in

¥ S.D.'s

from Controls
{2

<1

the dark

%
Viabilities

89 - 92

"

39

¥ S.D.'s .

from Controls

<1

891

<1



TABLE 23:

Treatment

Cyanide from
Day O
Trial 1
Trieal 2
Trial 3

Cyanide from
Day 8

M¥a2lonic Acid

Cz=bined
Controls

Tines for 50% hatch, viabilities, and periods of peak hatching of D,

Day of
50% Hatch

15.8
17.3

14,4

12,4

12.8 1.1

spathaceun
eggs incubated in respiratory inhibitors
s S.D.'s % T s.p.'s Days for ¥ S.D.'s

from Controls Viability from Controls 75% Hatch

2.7 94 . <1 4,6
6.6 93 <1 9

4,5 95 <1 4,5
<2 96 <1 7,2
<1 96 <1 2,8

- go ¥ - 5.13% 2.5

" from Controls

<1
<2
<1

<1

<1
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TABLE 24: Tines for 50% hatch, viabilities, and pericds of peak hatching of D. spathaceum

eggs incubated in different salinities

k :l: ' ' :‘: y ] - i‘ t
Treatment Day of S.D."s % S.D.’s Days for S.D.’s

50% Hatch from Controls Viability from Controls 75% Hatch from Controls

10 4 Saline 14.4 <2 98 1 5.4 <1 E
50 u4 15.5 <2 | 92 <1 8.8 <2
Do L1 18.6 5.3 79 <2 7.5 <a
150 uTx}rxial 5 14,2 <2 92 {1 4,8 <1
Cozbined 12,8 T 1.1 - 89%9 :



TABLE 25:

PH

5, Trial 2
6, Trial 1
6, Trial 2
7, Trial 1
7, Trial 2
8, Trial 1
8, Trial 2
9, Trial 1

Coxbined
Controls

Times for 50% hatch, viabilities; and periods of peak hatching for D, spathaceum

Day of
50% Hatch

16,7
14,2
12.8v
12,3
12,5
11,5

eggs incubated at different pH values

¥ S.D.'s

from Controls

3.5
<2
<1
<1
<1
<2

<2

Viab?lity
93
90
96
92
95
93

* S.D.'s

from Controls

<1
<1
<1
<1
<1
<1
<1
<2

Days for
75% Hatch

4,6
3.0
3.0
3.4
4.0
2,8
7.8

14,2

5.13 % 2.5

t s.p.'s

from Controls

<1
<1
<1
<1
<1
<1
<2

3.5

TLT
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Figure 53 Diagrams of some developmental stages of

the egg of Diplostomum spathaceum,

A) On day zero, The zygote contains two
pronuclei,

B) On day four, The embryo lies towards the
opercular pole of the egg.

C) On day eight, The embryo is well developed
and contains cycspots and flame cells, Note
the decrease in the size of the vitelline

cells,
The bar rxepresents approximately 20um,

key to abbreviatlions on page xi
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1 0 O F | O‘Q,O_Q.O.O'O'o

X\’(‘X~x-x—x—x-x-x-x —

8 16 24 32 40
 DAYS | “

Ei&gzg_éﬁ Upper curve; combined control curve obtained
by averaging daily values for cumulative
percentage hatch of the six control batches of
Diplostomum spathacecum eggs incubated in
distilled water at 25°C,

Lower curve; The percentage of viable D,

spathaceun egys hatching in each 2-day period,

Derived from the uppcr curve,
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Figure 55 Cumulative percentage hatch of eggs In cach
control batch incubated in distilled water

at 25°C, Each letter represents values for

a different batch,
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Figure 56 Cumulative percentage hatch of Diplostomum

spathaceum eggs incubated in distilled water

at different temperatures, The combined control
curve is used for the batches incubated at 25°C,
Only one curve is drawn for each of the two
trials at 30°C and at 20°C,



gcc 961 A O
L ! _.I\ NpoX~
auy
o
\ \ " | 4se
9,01
2,51 » n
2,02 , \ o X 108
D52 n IR
D,0¢ \
194

A | (
| n—"xx =00l




176

40-

x

T 304
E

%
P 204

(%) | \x |
ol T,

o) 25 50 75 100 125 150
 DEVELOPMENT TIME ({ DAYS FOR 50/ HATCH
o OF VIABLE EGGS )

Figure 57 Graph of the development time (number of
days for 50% hatch of viable eggs) of
Diplostomum spathaceum eggs at different

temperatures,
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" CHAPTER 4

EPIDEMIOLOGY OF STRIGLOID INFECTIONS OF SNAILS AND FISH

- INTRODUCTION

At College Mill Trout Farm, a supply lade or channel
from the River Almond feeds, in parallel, a number of
indoor concrete tanks and 16 outdoor earth-banked
rearing ponds, the latter 25 by 5m by 1,5m deep, The
owner buys rainbow trout eggs from Europe (in spring) and
from Tasmania (in sutumn), Fry hatching from these are
maintained for several months in the indoor tanks before

being transferred to the outside rearing ponds.

Strigeold metacercariae were found in fish both in
the indoor fry tanks and in the outside rearing ponds,
Smails occurred in the supply lade and in the rearing
ponds, but not in the fry tanks, Possible sources of
cercariae were therefore snalls in the water supply and

those in the rearing ponds,

A marked summer increase in infection levels of
fish with metacercariae was observed by Campbell
(pers, comm,), coinciding with the latter part of the
snail breeding season, and at a time when higher water
temperaturecs should lead also to hatching of trematode
eggs (see Chapter 3). Snails at College Mill Trout Farm
were sampled from May 1972 until December 1973 in an
attempt to analyse their population structure, and
understand the epidemiology of the trematodes,
Corroborative data obtained by sampling fish from the
farm has been supplied Ly Mr. A,D. Campbell of the
~ Department of Agriculture and Fisheries for Scotlund,

to whom the author is greatly indebted,

’
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MATERIALS AND METIODS

A) Collection and examination of snails

Normally, each rearing pond at College Mill Trout
Farm is drained once or twice a year and treated with
copper sulphate to kill snails, However, one pond, pond
13, had not been treated since 1970, and contained
large numbers of snails when sampling started in 1972, -
Samples were therefore taken from this pond from May
1972 until October 1972, when it was finally drained,
Subsequent samples were taken from pond 7 which had
been treated and refilled during August 1972, Snails
recolonised pond 7 during the autunti and winter of 1972
and large numbers were found early in 1973 (Campbell
(pers, comm.) estimated there to be 1800 snails in pond
7 on 15 May 1973).

Samples were taken by drawing a hand net several
times along the substrate of the pond from its decpest
part up to the marginal vegetation, The net retained
all objects above about O.Sﬁm diameter, Its contents
were brought back to the laboratory and placed in a white
Polythene tank, covered with water, and kept at about
20°C, Frequent examination under a lamp revealed snails
on the sides of the tank and on the surface of the
pond debris, By this method it was possible to find
even very small snails which might have becn difficult
to scparate from the substrate by other means, Generally,

all live snails were seen and removed from the tank

- within 4 or 5 days,

Examination of snails was carriecd out as soon as

' possible after their collection. The maximum shell

ylength of cach snail was measured to the ncarest 0.1 nm
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using Vernier calipers. The majority were then
dissected in Lymnaea saline (Carrikecr, 1946), Any
trematodes found (onrocysts, rediae, and metacercariac)
were identified as far as possible, and their presence
recorded, Infections in snails which had been shedding
cercariae, or which yielded apparently fully developed

cercariae on dissection, were classed as 'mature'.

While taking each sample, the pond was examincd for
the presence of snail eggs, and the relative abundance
of these assessed, Water temperatures were recorded in
the early afternoon cach day from the supply lade at
College Mill Trout Farm,

B) Examination of fish

Samples of fish werc removed at weekly or fortnightly
intervals from fry tanks and sclected rearing ponds for
examination by Mr, A,D, Campbell, Ten fish were generally
takén on each occasion, The numbers of mectacercariae
in théir lenses and humours were recorded separately,

The numbers of "'small forms", considered to reprcsent

newly penetrated cercariae, were also noted..

C) Exverimental work

An experiment was set up to asscss the development
time of Diplostomum spathaceum within snails at
different temperature;; About 100 Lymnaca perepra were
exposed to infection by miracidia of D, spathaccum at
20°C, Twenty-four hours later, groups of snails were
removed to tanks at 10°C, 15°C, and 20°C. Snails were

removed at intervals and dissected to determine the

development of their infectioms,
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_ RESULTS

A) Life-cycles of the snails.

The only snail occurring commonly at College Mill
Trout Farm was Lymnaea peregra, A very small number of

Lymnaea truncatula were also found during sampling, but
none was infected, Shell lengths of L. peregra

sampled from ponds 7 and 13 are shown in Figure 58. The
data has been gathered into size classes of 0.5mm for

' presentation, Space did not permit the inclusion in the
figure of the sample from pond 7 on 31 July 1973, The
sample from this pond taken on 9 July 1973 fell clearly
into two size groups, larger snails belonging to thc
overwintering generation, and smaller, recently hatched
snails (sec Figure 58), So many small enails were
Present that a further sub-sampling of these was required,
about 1/16 of the total number being measured, The
proportion of large snails in the 9 July 1973 sample

is thus exaggerated some 16-fold in Figure 58,

There are several differences between the life-cycles
of Lymnaea perepra in pond 13 during 1972 and those in
pond 7 during 1973, In pond 7, snails of the generation
’overwintering since 1972 increased in size during the
- spring, and died out during July. Their egg masses were
found between mid-May and the end of July, with a peak of
- abundance in June, Young snails were found for the first
‘:,fime, and in enormous numbers, on July 9th, Their average

'shell length increased gradually over the next few months

to give a size distribution by December 1973 rather

k éimilar to that of the previous generation in March 1973,

‘Thus in pond 7, Lymnaeca peregra appeared to undergo a
simple annual life-cycle, an overwintering generation of




.

18

snails breeding in mid-summer and being replaced by
snails of the next generation which will themselves

overwinter,

The situation in pond 13 during 1972 is less casily
interpreted. Egg masses were present in carly April
(no snail sample taken) and most abundant in May, Fewer
were seen in early July, but a distinct increase was

noted in August,

When the 9 May and 30 May samples from pond 13 are
compared, the latter has a much lower proportion of snails
over 10 mm and a higher proportion under 6 mm (Figure 58).
In Figure 59 are compared the numbers and sizes of snails
(8r0uped in 1 mm size classes) infected with Cotylurus
cornutus metacercariac with those uninfected in the two
samples, Their distribution cannot be fitted to a normal
distribution for simple statistical analysis. Examination
of the figure, however, reveals striking differences
between the samples, In the 9 May sample, the distributions
of infected and uninfected snails are similar and the
majority are infected, In the 30 May sample, a high
Proportion is uninfected and their average size is
substantially'below that of the infected, The majority
of uninfected snails in the 30 May sample lie below the
lover end of the size distribution of the 9 May sample,

Since fresh infection of snails as early as May is not

~ likely (see below), infected snails must have acquircd

their metacercariae prior to overwintering, Metacercarlae
probably do not contribute to mortality in their hosts,
The data is interpreted as demonstrating that, by the 30
May sample, larger snails of the overwintering gencration

- had laid their eggs and were dying off., The majority
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of uninfected individuals were small and represent spat

. hatching from eggs laid during April and May,

Althoﬁgh theﬂérJﬁiy saﬁple was small, it appears to
indicate rapid growth of the spring generation and
survival of few overwintering snails by this time. Snails
of the spring generation are presumed to be responsible
for egg production in August, leading to the appearance
- of a late summer generation, It could not be determined
' whether snails of the spring generation died out
. completely, being replaced by the late summer gcneration,‘
or whether the population which would have subsequently

overwintered included individuals of each generation,

B) Infections in the snails,’

o

« Echinostome and monostome cercariae, xiphidiocercariae
ﬁénd furcocercariae were recorded from L, peregra from
‘College Mill Trout Farm. Amongst the furcocercariae,
-schistosomatids were occasionally observed, the

remainder being strigeoids, Metacercariae of cchino-
fstomes, monostomes, and of Cotvlurus cornutus were

commonly found during dissection of sualls, Table 26

’ - ‘and Figure 60 record infection levels of sporocysts and

‘rediae and of C. cornutus metacercariae from L. perepra
~‘over the period of study, Uhere samples were very large,
not all snails were dissccted., Those measured without
being dissected tended to be smaller than average, since

754"these were often the last to be picked from the sediment

B ‘sample, Possible bias due to this should be borme in
- mind when data in Table 26 is analysed,
'> ?fa The proportion of énails containing mature infections
of any sort was very low. Of 3071 L. peregra disseccted
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during 1972-1973, 129 (approximately 4%) were so infected,
and of these, only 32 (1%) contained stfigeoids. The
samples in which strigeoid infections occurred are shown
in Table 27.

Certain trends are apparent from Table 26, The
proportion of infected snalls drops considerably after
the breeding scason, as older snails die off, and young
snails enter the population (compare 9 May and 30 May 1972
samples, 6 July with 15 August 1972, and 9 July over=
wintering generation sample with the 31 July 1973 summer
generation sample), Thereafter infection levels in the
new generation of snails gradually build up., Towards
the end of a breeding period, snails of the older
generation show a substantial increase in infection
levels (e.g. 6 July 1972 sample, and 9 July 1973 older

generation),

 On 31 July 1973, only four snails of the older
generation were taken in the routine sample £from pond 7,
The pond was then drained, to allow removal of fish,
and refilled, While empty, numbers of snails were seen
which, by their size, must have belonged to the older
generation, Thirty-one of these, measuring 11,6-13,8 mm
were brought back to the laboratory. Sixteen were
shedding xiphidiocercariae, oue shed schistosomatids,
two shed Apatemon gracilis, one shed Diplostomum phoxini,
three shed Diplostomum sp., and one shed a Diplostomum
(Tylodelphys) sp., Thus 24 of 31 contained mature
infections, and a further four contained immature redioe,

€) Infections in the fish,

Sampling of fish during 1972 recvealed much higher
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infection levels in the outside rearing ponds than in
. the fry tanks, Of 20 fish taken from a fry tank on
20 July 1972, only'two contained metacercariae, DBy
contrast, all 10 fish removed from pond 12 on the same
day were infected, with a mean of 118 strigeoid meta-
cercariae in the eyes of each fish, This confirmed the

main source of infection to be the snails within the

~ rearing ponds,

Large numbers of metacercariae built up during the
summer months in fish in rearing ponds which had not been
treated recently with copper sulphate, The identification
- of these has been discussed in Chapter 2, Figurc 61
shows the wean numbers of metacercariae in eyes from
. samples of 10 fish removed at intervals from pond 12
during 1972, The heavy infections in the lenses by
mid-July caused severe damage to the lens and blindness,
Smaller numbers subsequently recorded from the lemses
are thought to reflect death of parasites in the now
~tninhabitable lens, (Death of D. spathaceum metaccrcariac
following lems rupture has been observed by Sweeting,

. 1971 p 128), It is noteworthy that mectaccrcariae in the

vitreous humours of pond 12 fish accumulated steadily
intc Séptpmber, Assuming that metacercariac in the
vitreous hunours were not forms released by rupture of
- the lens, cercarial production appears to have occurred

throughout this period,

Flgure 62 shows infection levels in fifh from pond 5

'/«; gurlng 1971 and may reflect a more typical situation,

 Again nunbers of metacercariae built up during the second
half of June. The intencity of infection, however, was
lower than in pond 12 in 1972, and the lack of a dramatic

" decrease in lens metaccrcariae after July suggests a
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lower incidence of lens rupture. The numbers of recently
Penetrated metacercariae showed a small peak in July and

" a larger one in late August, indicating maxima of cercarial

"~ production at these times,

Previously uninfected rainbow trout placed in pond 7
in mid-June 1973 were heavily infected with strigeoids
by 9 July. By 31 July, five fish each contained an
average of 73 metacercariae of Apatemon gracilis (mainly
within the pericardium), Fish from the same source
added to pond 7 on 8§ August 1973 each contained few (<10) .
metacercariae when removed on 16 September, Evidence for

a late summer peak of infection is therefore lacking in

this case,

D) Fxperimental work on snail infections.

Those Lymnaea peregra exposed to miracidia of
D. spathaceum in the laboratory, then maintained at
15°C and 20°C, ultimately yielded cercariae, At 20°C
the prepatent period of D, spathaceum is 4 weeks, and
at 15°C, between 8 and 9 weeks, After 12 weeks, snails
maintained at 105c contained only mother sporocysts

which lacked well developed daughter sporocysts,

Snails shedding cercariae after 3 months at 15°C
were transferred to a tank at 12°C. Cercariac continucd
- Lo be shed at this temperaturé, but were not after a
further transfer of the snails to 10°C, In these
experiments, therefore, the minimum temperature for

shedding appears to lie between 10°C and 12°C,
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DISCUSSION

‘A),Life-évcles of the snails

‘g Hunter (1961b) concluded that an annual life-cycle
is general among Scottish freshwater snails (an exception
is Lymnaea stagnalis, see Berrie, 1965), with a single
period of egg laying in the summer followed by death of

- the older smails, In the case of L. percgra, however,
Hunter found populations in which two generations occur
kin a single year,Lone éppeafina in spring, and complétely
replaced by a generatlon of autumn bred snails, Populations
in which a spring gene*atlon was only parLly replaced by
autumn bred snails were also reported, Hunter considered
that "the actual pattern of life-cycle, though varying
‘within the species, seems to remain constant within ecach

P°PU1atlon", a statement which the present data seems

s to contradict (Flgurc 58). Furthermore, 'there is a
minimun size ( and a minimum mean size of the population)
for the onset of breeding"., For a population of L, peregra
with a’'simple annual life-cycle in Loch Lomond, Hunte:
;gives a mean size of 8,5 mm at the time of maximum
‘reproductive activity, This figure is surpassed by the

9 May 1972 sample from pond 13 (mean 10,4 mm) and the

14 June 1973 sample from pond 7 (mcan 11,4 mm), on which

dates cgg production was judged at its peak,

From this background a model for the life-cycle
,°f L. peregra at College Mill Trout Farm may be cons-
Ktructed Prior to the start of sampling in May 1972,
'rcondlt:onq at the trout farm must have been such as to
'Permit the growth of snails beyond the ninimum breeding
size,’ Egg laying could therecfore start with the increase

in water temperature in carly spring (April). Sufficient
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time was therefore available for some or all snails of

the spring generation to mature and breed before falling
water temperatures in autumn inhibited this. (Hunter, 1961b
has also observed that, where more than one generation
occurs in a year, "overwintered adults are larger than

the spring born generation at their respective periods of
rcProductlon + This appears to be borne out by the pond

13 data in Figure 58,)

The mean size of the population overwintering into

1973 (pond 7 data) was far below the minimum for
- maturation, Since little or no growth was apparent

- between October 1972 and February 1973 (if snails in
ponds 7 and 13 are considered as representatives of the
same population), overwintered snails spent the spring
_and early summer growing and maturing to breed in mid-
sumner (June), The resultant spat therefore had an
insufficient period for maturation before the winter,

* In this model, the numbers of generations produced

in a given year will depend on the mean shell length of

the population overwintering from the previous year,
Overwinter growth of L. peregra depends to an extent on
:'the severity of the winter (Hunter, 196la). Unfortunately,
water temperatures were not recorded during the winter

‘Vat College Mill Trout Farm, There was evidence from

g anothcr source however (Calow, pers. comm,), that spring
breedxng of L, Deregra at other localitics in Scotland

‘ was exceptionally late in 1973, Gencral climatic
,1conditlon in 1972 and 1973 may thus account for the
 differing life-cycles of L, peregra during these two ycars,

o It should be borne in mind that the draining and
jriicatment of pond 7 in 1972 may have influenced in some



way the growth of snails subsequently recolonising it,
This could have led to the appearance of a population
\}(yf small mean shell length over the winter months, The
Spring growth period required by these snails would then

gesult:in late breeding,

: h) Epidemiology of the strigeoid infections,

' Although a number of authors have observed . a

- bimodal annual distribution of larval trematode infections
in snails (Miller and Northup, 1926; Rees, 1932; Rankin,
1939, and Probert, 1966b), few have attempted to

,  correlate snail life-cycles with parasite incidence,

- Sewell (1922 p 13) was the first to consider that natural
mortality of older snails at specific scasons may
contribute to fluctuations in infection levels, Recently,
aé evidenced by the work of Ollerenshaw (1959) on the
.epidemiology of Fasciola hepatica in Wales, the signifi-

~ cance of snail life-cycles has become more appreciated.

7;Th0 Preseht data permit some discussion on aspccts of
.the interrelationships of snail and trematode life-cycles,

and how these result in infection of fish,

1) Period of infection of snails,

e
Very few vnalls were found on dissection to

‘contain "old" or "spent" redial or sporocyst infections,
yFor this reason, and because of the short life~-span of
fw£~ peregra at College Mill Trout Farm, it is assumed

at o MM; .

that a snail there does not outlive its trematode

~infecticns,

As shown in Chapter 3, eggs of at least one strigeoid,

2- Spathaccum, arc capable of surviving long periods at

| winter temperatures, and of hatching when the water



tempcrature rlses above about 10°C, Daytime water
‘Lemperatures were above 10°C between mid-May and mid-
’September in 1972 and 1973 (Figure 63). Those trematode
eggs pre sent in the rearing ponds in May should include
embryonated eggs from the previous yecar, as well as
unembryonated egzgs from faeces deposited over the winter,
Arsteady rate of hatching of miracidia from May onwards

could therefore be expected from overwintered ecggs.

Nestlng and brood raising by birds in early summer
'is associated with an increase in their parasite fauna
SDogiel, 1962). An increase in egg deposition in bird
facces is likely at this time (e.g. from black-hecaded
éulls nésting close to the trout farm), leading to a peak

Bf egg hatching probably in July,

' Water temperature will influence the pattern of egg
‘hatching, and hence infection rate of snails, Sﬁort periods
- of very warm weather would be likely to bring many eggs to
the point of hatching, . The 9% infection (with rediae and
sporocysts) of’pond 13 snails in August 1972 was well
above that for pond 7 snails in August 1973 (Table 26).
The latter, however, had a higher infection level by
October, Water temperatures in July 1972 reached 20°C
€0r several days, whereas in July'l973, they fluctuated
" between 14°C and 17°c., Possibly the short, very warm
‘Spell in 1972 brought about a peak of egg hotching in
“JUIY which did not occur until later (August-September)

‘“Qgrlng the more equable summer of 1973,

 2) Survival of infected snails.

There is no general agreement in the literature
0 (Wright, 1971 p 121) as to the long term effects on snails
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of redial or sporocyst infections. Some reccords
’{(Ycrnberg‘and Vernberg, 1963; Barbosa, 1962) indicate
 that snails may beikilled.by their infections, or at
- least made more susceptible to environmental fluctuatioms,
'However, experiments by McClelland and Bourns (1969)
demonotrated that Lymnaea stagnalis infected with

Trichobilharzla ocellata 1ive longer and grow larger

, >than controls.

‘ At College Mill Trout Farm,;the great increase in
infection levels in old snails late in the breeding
Season cannot be entirely due to a large miracidial
‘hatch at this time., In the 31 July supplementary sample
from pond 7 in 1973 (sece page 183), 24 of 31 smails

Z‘contained mature infections, At the recorded temperzturcs
(Figure 63), infections must have been acquired at least
742’months,ear11cr to have matured by 31 July, There had
béen no corresponding increase in infection levels
during May>1973, an] young snails, already abundant
on July 9th, sﬂowed a low incidence ofuinfection. A
 ~d{ffe"cntia1 survival of infected snails beyond the
normal die-off time for older snails explains thesc

‘iobscrvatlonu most readily.

. Snails of the supplementary sample were ver) large
f(pagc 183). Gigantism of infected snalls as reported by
~various authors (Wright, 1971 p 119) may reflect in part

- their greater longevity,

3) Patterns of cercarial production,

: At.15°C and 20°C the development time for D,
" Spathaceum in L. percgra is 8-9 weeks and 4 weeks res-

Pectively, During the warmest part of the summer (at
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1973 temperatures).an infection should take about 6-8.
«weeks to mature. The prepatent period would be longer

iboth earlier in the summer, and- towards the autumn,

et

) Strigeoid métacercariae began to build up in fish
?’and in snails by mid-June during 1972 and 1973 (Table 26
‘and Figures 60, 61, and 62), This was sHortly‘after
Ithe water temperature had risen above the 10-12°C
‘minimum for cercarial "emergence. Snails producing these
“cercariae must have acquired their infections the
Previous year, as insufficient time had clapsed for
infections of that year to mature, The greater longevity
of infected snails extends their period of shedding

well into the summer,

At least dur ng 1971 and 1972 there was evidence

=y

- l-s

A Of a second bulld up of flsh 1nfection levels during

- August (Flgures 61 and 62) Perhaps because of the warm

, July and the early breedlng period in 1972, ~ young snails
o of that year were already shedding cercarlac by mid-

" AUgust accountlng for the increase in fish infection
then. In pond 7 durlng the more cquablc summer of 1973
yoﬁng qnalls appcared in early July. With the exception‘
,0f a °1ngle 1nd1vxdual taken on 31 July, none of: these
_ yielded cercarlae untll betwcen m1d~August and mid-

' SePtomber. A second peak of fish infection did not
‘ appé ar to occur at this time, pefﬁaps becausc of falling
itemperatures and the low-incidence of strigeoids in the
-rsmnail population, - - ,

o

‘ “The appearanco of a'late summer peak of fish
‘infecrion is likely to be influenced, therefore, by
“the period of breeding of the snails, and by the water-

tCmperaturcs in ‘August and’ Sechmbbr.



It need not cause surprise that a small proportion
« of infected snalls can lead to massive metacercarial
}nfectlons in fish and (in the case of C. cornutus) in

. other snails.‘ Individual snails from College Mill Trout
Farm were found to shed between 500 and 20,000
furcocercariae per day in the laboratory (Campbell,
pers, comm, ), It should also be noted that infected
snalls tend to be larger, and can therefore sustain

'greater yields of cercariae (Cort et al,, 1957),

SUMMARY

1) The life-cycle of Lymnaea peregra at College Mill
Trout Farm was followed during 1972 and 1973, During

1972 there were peaks of egg laying by L. peregra in

May and in August, with the May peak the larger, Young

snails appeared in the population after each peak, During

- 1973 a single period of egg laying occurred, with a peak

in June, The differing life-cycles in these two years may
fhave been due to climatic differences influencing the
‘mean shell length of the populations, or to the draining

- and treatment in 1972 of the pond sampled in 1973,

‘The former interpretation is preferred,

12) Each peak of egg laying was followed by the death of
the older snails, At the end of a breeding period, few
large, old snails could be found, arnd these were gencrally
infected with rediae or sporocysts, Infected snails
-appeared to live longer and grow larger than uninfected,

. The first increase in infection levels of strigeoid
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metacercariae in fish occurred in June in 1972 and 1973,

- Cercariae emerging from old snails infected the previous -

- year were responsible for this, When the snails reproduced
‘ sufficiently early in the year, trematode infections in

the young snails could mature before the water temperature
féll in the autumn, Cercariae from these snails may

_ have been responsible for a second increase in fish

infection levels late in the summer,

—



TABLE 26:

Farm during 1972-1973, infected with larval trematodes

Numbers and percentages of Lymnaea peregra, collected at College Mill Trout

Total |
No. in ~ Infected Shedding Shedding C. cornutus
Examined Sample Rediae/Sporocysts Anything Strigeoids Metacercariae
Pond 13 9 SR 211 211 (46) 21.8%  (30) 14.2%  (1&) 6.6%  (151) 72%
30 e, 257 257 (18) 7.0%  (11) 4.3% (2) 0.8%  (122)  47.5%
14 June 210 253 (25) 11.9%  (11) 5.2% (6) 2.9%  (138) 66%
’ 6 July N o, 7
30 35 (8) 26.6% (6) 20% 0 (28) 93%
1972 .
15 Aug. o < ' o
1035 89 219 (8) 9% (2) 2.2% 0 (20) 22%
8 i§§§° 94 196 (9) 9.4% 1) 1% (1) 1% (37)  39.4%
28 Sept, 170 256 (12) 7.1% (5) 3 o 6% 91 53, 5%
To05 1% .0% (1) 0.6% (91). .5%
21 gggé 171 290 (17) 9,5% ) 3% (3) 2.3%  (106) 62%
Pond 7 15 Feb, ’ S o
1973 241 308 (5) 2.1% o 0 (17) 7%
SRS S L g e - X e ., . - " R
'4? aie ;ﬁgi;ﬁéh ot he : ! - ? Rt .
—";‘ ,'"."15"}13::0-}1::.“ .. | : ‘ : ;’ “ . . * : ~;, g ‘*;\ T ,_ A.,": e Siar
Mo AR Ly gy R L 1€9 o T E205 S oaa(8) - . ..3% 0- : : T 1e)Y T - 9,5%
19 April "
1673 36 36 (1) 2.8% 0 (1) 2.8%
18 M
ay 179 187 (11) 5,1% (5) 2.8% (10) 5.6%
1973
14 June
1973 101 107 (6) 6% (6) 6% (48)  47.5%
oid 9 July .
Generation 1973 61 61 (24) 39% (5) 8.2% (1} 1,66% (39) 647
old 31 July
Generation 1973 3 4 (3) (3) (2)
New 9 July
Generation 1973 81 150 (2) 2,5% 0 (6) 7.4%
New 31 Jul , or
Generation 197§ 117 160 (2) 1.7% (1) o0.85% (7) 6.3%
16 Au’. of
1573 135 149 (4) 3.4% 0 (35) 26%
< 4
16 Sert. 313 7% (39) 12,47 (20) 6.4% (1) 0.3%  (97)  31%
31 Ozt, o
1973 284 688 (39) 13.72  (13) 4.6% (3) 1.02  (117) 41%
12 Decs 119 122 (21) 17,62 (6) 5% (45)  38%




TABLE 27:

Sample Date

9 M=y 1972
30 MYay

14 June

8 Sept,

28 Sept,

21 Oct,

9 July 1973
16 Sept,
31 Oct,

Numbers of Lymnaea peregra at College Mill Trout Farm containing mature

strigeoid infections

Number of snails infected with each strigeoid species

Agatemon
gracilis

- B

Apatemon Cotylurus Diplostomum
minor cornutus gasterostei
1
3
1

Diplostomun
Sp.
1

Go6l
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Fipure 58 Shell lengths (in 0,5mm size classes) of
Lymnaea peregra from Collegé Mill Trout

Farm, Samples were taken from pond 13
during 1972, and from pond 7 during 1973,
The number of snails in each sample iz shown
in parentheses at the foot of each column,
The relative abundance of egg masses is

indicated along the bottom of the figure,
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Figure 59 Numbers (=frequency) of Lymnaea peregra

of different sizes infected with metacerc-

ariae of Cotylurus cornutus, .

A) Pond 13, 9 May 1972 sarple,
B) Pond 13, 30 May 1972 sample,
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Figure 60 Percentages of Lymnaea peregra from

College Mill Trout Farm infected with

Cotylurus cornutus metacercariae, or

containing mature infections of any sort,
Broken lines ccimect samplés thought to

represent different generaticns,
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Figure 61 Graph of mean numbers of strigeoid
metacercariae, in eyes from samples

of 10 rainbow trout, removed at intervals
from pond 12 during 1972,
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Figure 62 Graph of mean numbérs of strigeocid

metacercariae , in eyes from samples

of 10 rainbow trout, removed at intervals
from pond 5 during 1971,
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Figure 63 Water temperatures at the intake lade
of College Mill Trout Farm during 1972-
1973, recorded in the early aftermoon

each day, Each point represents an average

of the values for 5 days.,
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- CHAPTER 5

Journal of Helminthology, Vol, XLVII, No, 4, 1073, pp. 40414,

~ Observations and Experiments on some Larval
Trematodes of Freshwater Snails and Fish from
Southern Iceland

By Davip BLAIR

Wellcome Laboratories for Experimental Darasitology
Universily of Glasgow, Bearsden Road, Bearsden, Glasgow

During the Glasgow University Iccland Expedition ia 1972,
reshwater snails and fish in southern Iceland were sampled for
larval trematodes. This survey was prompted by the lack of literature
concerning larval trematodes there. Indeed, the apparent absence of
liver fluke Fasciola hepatica (1.1758) from Iccland, (Palsson, pers.
comm.) despite the presence of its molluscan and defimtive hosts and
th.e low summer temperatures, might lead to the supposition that
climatic conditions are too harsh to permit completion of many
trematode life-cycles. A number of adult trematodes have been
reported from migratory birds in Iceland (Brinkmann 1036), although
these parasites could have been acquired elsewhere. Iowever,
Crepidostomum farionis (Miller, 1784) from the gut of trout and char
in Iccland (Brinkmann 1956) presumably completes its Life cycle in
freshwater there, although this has yet to be demonstrated.

MATERIALS AND METHODS
All field work was done between 14th July and 3rd August, 1072,

Freshwater snails were collected by hand, and placed in individual
tubes of water. After some hours in daylight, the tubes were examined
for emerged cercariae which were classificd as far as possible in the
field with the aid of a binocular microscope. Live und preserved (in
109, formalin) $nails were dissected to reveal other larval trematodes.

Because of its easc of capture, fish sampling was restricted to the
3-spined sticklcback, Gasterosteus aculeatus L. Specimens were
caught with a dip-nct. The eyes, gut and budy cavity of a number of
fish were examined in the field; others were preserved in 10% for-
malin for laboratory examination.

Some live fish and snails were brought back to Glasgow for
further study. Laboratory raised snails derived from a Scotiish
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population, and fish caught close to Glasgow, were exposed to
infection Ly placing them in a suspension of cercariae. Trematode
€ggs, obtained from an experimentally infected duckling by sieving
homogenised faeces, were incubated at room temperature. Prior to
hatching, embryonated eggs were placed in a tank with uninfected

laboratory-raised snails.

' : RESULTS

During sampling, three species of freshwater snails were found,
namely, Succinea groenlandica (Beck), Lymnaea truncatula (Muller),
and L, peregra (Muller).

None of 39 S, grocnlandica from a trickle of water on cliffs two
miles cast of Vik I Myrdal shed cercariae, Disscction of twenty
specimens yiclded no trematodes, Similarly, none of 97 L. truncatula
from pools at the edge of Markarfljotsandur 8 miles north of Storidalur
shed cercariae, Forty of these snails were dissceted, but no larval
trematodes were found. Lymmnaea peregra is probably the most
abundant freshwater mollusc on Iceland (Mandah!l-Barth, 1938). It
was also the only onc found to harbour trematode larvae (Tables I
and II). Although representatives of several cercarial groups were
noted from this species (Table I), only the morphology and further
development of furcocercariae was jnvestigated in detail. All three
furcocercariae found were longifurcate pharyngeate distome forms

referable to the family Strigeidae.

“Tapie I
Numbers of Lymnaea peregra shedding various cercarias
Cercariae shed Locality
Ditch near Farm pond at  Hot springs
Reynir, Dolstadar, at
West'of Vik  East of Vik LandmannalaugarMeldarvata

- Furcocercavia 1 2 16

Furcocercaria 2 -— 1

Yurcocercaria 3 4 .

Unclassified

Furcocercariae ?

Double Infocticns

(Furcocercariae 3 1

Flun other)

ichinostomes 8

Monostomes 00 18 ]

Xiphidiocercariae s

Not Shedding 8% 113 40 ~243

Total 101 156 46 ~250
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D. Brar
: Tanre 11
Numbers of dissccted L. peregra containing larval trematodes
Larval Trematodes Localitr
Ditch near Farm pond at  Hot Springs at
Reynir Bolstadur  Landmannalaugar Heldarvatn
Metacereariao
(Echinostomes and/or 29 3 4
Colylurus cornutus)
Rediae 4 1
Rediae plus
Cotylurus cornutus 6
Mctacercariae
Strigeid Sporocysts
plus
Cotylurus cornufus 1
Metacercariae
Sporocysts of
)gghidiocercariae . !
Uninfected 2 87 [
Total 42 4 41 7

Furcocercaria 1 has the characteristics of the genus Apatemon
Szidat, 1928, subgenus Australapatmon Sudarikov, 1059 (see Odening,
1969). Other cercariae in this subgenus develop into metacercariae
in leeches (Iles, 1060). In an attempt to identily the second inter-
mediate host of furcocercaria 1, a small number of leeches (Helobdella
stagnalis) werc exposed to the cercariae, Although a few cercariae
attached briefly to the leeches, none was seen to penetrate, nor were
any shed cercarial tails seen. No certain identification of furcocercaria

1 can be made on the basis of this study.

A single snail shedding furcocercaria 2 was found (Table I). This
cercaria is referable to the genus Apalemon, subgenus Apatemon
Szidat, 1928, according to the criteria of Odening (1069). It is very
similar to the cercaria of Apatemon cobitidis Linstow 1890 (wm A,
gracilis Rudolphi 1819) described by Vojtek (1064). The latter
possesses four pairs of post-acetabular penetration glands, whereas
furcocercaria 2 possesses six pairs. No other major difference between

the two was observed,

The identity and life-cycle of this form was established as follows,
As part of the work to identify metacercariae in Icelandic stickle.
backs, the heads of five fish from Hecidarvatn were fed to a duckling,
On autopsy after 0 days, one worm was recovered from the small
intestine, This was identified as Apatemon gracilis (Rudolphi 1810)
Ly Mr. M. T. Harris of the British Museum (Natural History). Eggs
obtained from the ducklings’ facces yieldcd miracidia which infected
laboratory raised Lymnaea peregra. Cercariae idertical with furcocer-
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caria 2 were shed from these snails after several weeks, Three-spined
sticklebacks (Gasterostens aculeatus) and 10-spined sticklebacks
(Pungitius pungitius [L.)), collected close to Glasgow, were exposed
to the cercariae. Several wecks after exposure, the eyes of all the G.
aculeatus were protruding, and contained large motile metacercariae
within the humours. However, none of the P, pungitius nor any of a
control group of G. aculeatus contained these forms, Nine weeks after
infection, the eyes of the sole surviving G. aculeatus contained cysts
grossly visible in the aqueous humour. These were similar to cysts
seen in the eyes of G. aculeatus from Heidarvatn, No adult worms
were obtained wlhen the head of this fish was fed to a duckling.

It is concluded that furcocercaria 2 is the cercaria of Apatemon
gracilis in Iccland, and that the cyst within the eyes of sticklebacks
there represent the metacercaria,

Furcocercaria 3 resembles that described for Colylurns cornutus
(Rudolphi 1808) by Szidat (1924) and Dubois (1020). Fiftcen laboratory
raiscd Lymnaea peregra were exposed to several hundred furcocercaria
3. Nine weeks later, five of the snails were fed to a duckling (Anas
platyrhynchos). On dissection after & days, GO adult C. cornutus were
found in the last third of the small intestine.

As well as harbouring cercariac and their precursors, Icelandic
L. peregra contain numerous metacercariae (Table I1), Specimens of
L. peregra were used in feeding experiments to obtain adult flukes,
Three live snails from Reynir were fed to a 5-day-old duckling, At
autopsy 13 days later, the small intestine contained 568 Echino-
paryphium recurvatum (Linstow, 1873), 27 Hypoderacum conoidenm
(Bloch, 1782), and one Cotylurus cornutus (Rudolphi, 1808). In the
caeca were found four Nolocotylus atlenuatus (Kossack, 1011). Two
more ducklings were fed empty shells of L. peregra from the ditch
near Reynir, This followed the obscrvation that monostome cer.
cariae, once shied from the snail, promptly form cysts on the shell,
In both cases, numerous specimens of Notocolylus attenuatus were

obtained from the caeca of the ducklings.

The results of ficld disscctions of Icelandic G. aculeatus are
presented in Table TII. All metacercariae found belong to the
families Strigeidae and Diplostomatidae. No detailed morphological
studies were made, although a number of fceding experiments were

carried out.

Two ducklings were cach fed five stickleback heads from Heldar-
vatn, After § days, one duckling was autopsied, and three adult



et

206

D. Bram
Tasie 111
Metacercariae in Sticklebacks
Locality- No. Examined Metacercariae Found  No, Infected
Pools at edge of 4 None None
Markarfljot
Cysts (tetracotyle) in
leidarvatn 11 * humours of cyes, 1
. Diplostomula in retina 11

Frostastadavatn
near : 8 Diplostomula {n cye lens 8
Landmannalaugar Diplostomula in retina 8

flukes of the genus Diplostomum, sensu Dubois, 1970, were recovered
from the small intestine. Sections of stickleback eyes from Heidarvatn
showed that diplostomula were localised within the retina. Williams
(1966) recorded the metacercaria of Diplostomum gasterostes Williams,
1966, from this region of the stickleback eye in Scotland. lowever,
without further material, it is not considered possible to assign the
Icelandic trematode to this specics. Autopsy of the second duckling
at day 9 yielded one adult A patemon gracilis. Eggs from this duckling
were used in the experimental comgletion of the life-cycle of furcocer-
caria 2 (sce above).

Two 3-month old black headed gulls (Larus ridibundus) failed to
yield flukes when fed with stickleback heads fromn Frostastadavatn,

In the brains of a few preserved fish from both Heidarvatn and
Frostastadavatn, diplostomula were found. The identity of these
requires further investigation, and fresh material,

Discussioxn

Of the three snail specics examined, only Lymnaea peregra
contained larval trematodes. The large varicty of parasites within
L. peregra in Iccland reflects the pattern of infection of (his species
elsewhere., Probert (1060) obscrved that L. peregra was the most
heavily parasitised lymnacid in a Welsh lake. The data in Table 1
indicates that different populations of L. peregra in Iceland are
parasitised in differing degrees. The first two localitics on Table 1,
near Reynir, and at Dolstadur, are shallow, static bodies of water
containing a rich vaticty of aquatic life, The snail populations here
were the most heavily parasitised. The degree of infection was lower
in snails from Heidarvatn, an oligotruphic lahe several hundred
feet above sca level, The low incidence of larval trematodes in snails
from hot springs at Landmannalaugar is of intercst. The temperature
at which the snails live may be excessive for trematode development,
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Tuxen (1944) indicates that L. peregra can withstand temperatures
over 40°C in hot springs.

The presence of cercariae and metacercariae in snails and fish and
the abundance of possible bird definitive hosts is taken as proof that
trematode life-cycles can be maintained in Iceland. This appears to
be the first report of larval trematodes there,

Of the six genera of trematodes obtained during this work, only
two have been recorded previously from Iceland, viz. Colylurus
cornutus and Echinoparyphium recurvatum. Apatesmon gracilis,
Diplostomum sp., Hypoderacum conoideum and Notocolylus atlenuatus

have not been recorded previously.
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" GENERAL CONCLUSIONS

Although adult specimens of several species of
strigeoids were obtained (Chapter I), most work was done
on larval stages, since it was felt (page 37) that these

offer'a greater array of parameters, morphological and

biological, of taxonomic value,

‘ It provéd pbssible, énd indeed rather simple, to
separate by their morpholozy cercariae of the fcur species

of Diplostomum studied, when material of all four was
It is probably more difficult

available for comparison,
to identify the ‘cercaria of a single specles on its ovm,

This applieé most particularly to separating the cercariac
of Diplostomum phoxini and D, pasterostei, which have the
same resting posture and number of caudal bodies., The
bodies (as opposed to the tail-stems) of all the
Diplostomum cercariae are very similar, and considerable
experience would be nceded to distinguish between these,

The host intéresting differences between strigeoid
specles were revealed by cxposure of f£ish to cercariaea,
Fish species appear to differ in thelr susceptibilicy to
penetration by cercariae of any given strigeold,  There
was evidence that cercarfae will penctrate, or attempt
to penetrate, any fish they encounter, and that
subsequently some species fail to develop (pages 84 and 108),
Now that it is clearer what species of strigeoids we have
in Scotland, it would be of iaterest to detcrmine at
exactly which stage fish host spccificity arises., Such
a programme would scek to answer the following questions,
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1) Do cercariae of a given species attempt to penetrate

all fish they encounter?

- This could be answered by the dircct observation of
cercariae in the presence of fish, In vitro studies,
using pieces of fish skin stretched across an aperture
between tw chambers, could also be used, A suspension
of cercariae can be placed in contact with the outside
of the fish skin, and teleost saline on the inside,
Preliminary experiments during this study indicated that

such a system would work,

2) Do cercariae injected into the body cavity of fish,
thus by-passing the possible barrier of the gkin, survive?

Cercariae could also be injected directly into their
usual site of localisation (i.e, the ecye) to establish
whether théy can survive in an 'abnormal' host once they

have reached their favoured site,

3) Is an immune responsc by the fish involved?

Cercariac of'épatcmon gracilis from snails collested

at College Mill Trout Farm would only experiwentally

infect trout, although stone loach and sticklebacks at

the trout farm were naturally infected, It was suggested
(page 109) that an immune response by the fish may be
partly responsible for the failure of most A, gracilis
cercariae to establish in sticklebacks, and may help
dictate locaticn specificity of these that do.  Studies

of. the immune response by fish agalnst parasites are scanty,
Further work on this topic may provide some clues as to

the nature of host and location specificity of strigcold
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metacercariae, -

The iﬁmune:reéponse in fish is very temperature
sensitive, It is possible that low temperatures may
" favour the establishment of some strigeoids in 'abnormal
hosts, since the fish would be effectively immunosuppressed,
It wouid also’berof interest to know whether some strigeoid
metacercariae can camouflage themselves with host antigen,
If this proves“to be the case, transplantation of
metaceréariae from one f£ish species to another to test
for strain differences (as done by Hoffman, 1958) would
give mislcéding results, since metacercariae would
antigenically resemble the original host, and may be
destroyed, even if transplanted into another ‘'normal’

host species,

4) Are large fish resistant to infection because of their
size (page 109)? °
. This could be tested by injection of cercariae into
~large fish at different distances from their favoured
site, One of the practical problems preventing such
work duriﬁg this study was the lack of a regular aupplyw

of uninfected fish of uniform size,

There ic evidence that cercariac of a given species,
but from diffcrent sources, may differ in their abilitics
to establish in the same fish host, Although the data

obtained is scanty, it suggests that different strainms

or races may occur in some strigeold specles, Races of

D, _gasterostei were obtuined as cercariae from the Forth
and Clyde Canal, and as metacercariac from perch in Loch
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Lomond, = Cercariae of each of these races did not infect
the normal fish host of the other (Tables 17, 18 and 19),
It would be useful to establish both these races in
laboratory hosts for further comparative studies, These
could include morphological studies, work on the range of
fish species penetrated by cercariae of each race, and

the development of the metacercariac to the adult, both

in vitro and in vivo, The many laboratory aids to
taxonomy could also be employed to compare races, including

studies of isoenzymes, nucleic acid hybridisation, genetic

studies, and antigenic comparisons,

A major problem encountered during this study
concerned the continuous large scale production of
cercariae for experimental work, There were times,
especially during the winter of 1972/1973, when
_ experimentally infected snails containcd many mature
cercariae, but none of these would emerge from the snails,
The, cercariae were normal in morphology, and bechaved
normally in water if the snail was crushed to release
them, It was suspected that some aspect of the snail's
physlology was responsible, possibly associated with the
short winter day-length. The effects of trematodes on

their snail hosts have been reported frequently in the

literature, The influence of the diurnal and scasonal
rhythms of the snail on its parasites is an almost

virgin field, Studies on photopceriodism and on hormonal
effects may yicld interesting information,
Apart from the scason of the year affecting cercarial

production, it was also found that experimentally
infected snails tended to produce rather few cercarlae,
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Comoum—

This made it difficult to produce largé numbers of
freshly shed cercariae at one time for infection
experiments, Inadequacies in the diet of the snail may

have been responsible for this,

'The work on strigeoid eggs reported here suggested
that they can develop and hatch in most conditions under
which’ their snail hosts can survive, Further wvork on the
eggs could enter the realms of physiology. It was
suggested (Chapter 3) that Diplostomum spathaceum eggs
can develop in the absence of oxygen, although further
confirmation of this would be desirable, If they should
prove to be anaerobes, this would alter some previously

held views on trematode eggs (Smyth, 1966 p 72),

" A two year study is scarcely sufficient to allow
generalisations to be made on the interactions of snail
and trematode life-cycles (Chapter 4), Valuable data
may be obtained by continuation of such a study over many
years, In a situation where snail-borne discasecs are
of interest to fish farmers and others, the monitoring
of snail populations and their trematodes may allow
prediction of disease outbreaks. It is regretted that,
during this study, regular samples were taken only from
ponds in a conmercial fish farm, where human influences

had to be added to the factors under consideration,

From the point of view of the fich farmer, this study
has established that Dipleostomum spathaceum is not the

only strigecoid of cconomic importance in Scottish waters,
The most important pathogens are probably those infecting
the lenses of fish eyes (i.e. D._spathacoum end Diplostomum
Attempts to control these should be directed towards

SPe ).
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elimination of snails, as all the strigeoids studied

have a single host, Lymnaea peregra, in common, At
College Mill Trout Farm, snails within the rearing ponds

of the farm itself were responsible for most cercariae

in the ponds, Treatment of ponds to kill snails is
straightforward, and is alrcady being carried out, If
done at the appropriate time (i.,e. in June, just before
cercariae are first shed), treatment of ponds may prevent
serious disease in the fish for the rest of the scason,

Elimination of bird hosts is not to be recommended

either on practical or legal grounds, Even if the natural

definitive hosts were known for all the strigeoids (Lhey
are not known for Diplostomum gasterostei and Diplostomum
sp.), destruction of most bird species would be illegal,

It might prove possible to screen ponds against
contamination with bird faeces, but this would not prevent

miracidia entering with the water supply,
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Appendix 1 The strigeoids in the classifications of
La Rue, Sudarikov, and Dubois,
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Classification of La Rue (1957)

Order STRIGEATOIDEA La Rue, 1926
Suborder STRIGEATA La Rue, 1926

Superfamily
Families

Superfamili

Suborders

STRIGEOIDEA Railliet, 1919

Strigeidac Railliet, 1919
Diplostomatidae Poirier, 1886
Cyathocotylidae Poche, 1926
Proterodiplostomatidae Dubois, 1936
Bolbocephalodidae Strand, 1935
Brauninidae Bosma, 1931

es CLINOSTOMATOIDEA Dollfus, 1931
SCHISTOSOMATOIDEA Stiles and Hassall,

AZYGIATA La Rue, 1957
CYCLOCOELATA La Rue, 1957
BERACHYLAIMATA La Rue, 1957

19261




Classification of Dubois (1953, 1964, 1970b) * - - .

3 Order R1GE SO o
r STRIGEIDA (La Rue, 1926) Odening, 1960.and. 1961 - B
name and character amended ‘ Eﬁ,

< Suborder  STRIGEATA la Rue, 1926 (= STRIGEIDA Poche, 1926)

% Superfamily  STRIGEOIDEA Railliet, 1919
Strigeoinea Dubois, 1964

o man ot

Subsuperfamily
A Family Strigeidae Railliet, 1919 '

= Subfamilies Strigeinae Railliet, 1919
Duboigiellinae Baer, 1938

Subsuperfamily Diplostomatoinea Dubois, 1964

T gy o i N
PR Sk S B e 1 2 e, PPN
"

; Family Diplostomatidae Poirier, 1886

3  Subfamilies Diplostomatinae Monticelli, 1883

? Alariinae Hall and Wigdor, 1918 :

,: Family Proterodiplostdﬁatidae Dubois, 1936 ‘ ‘%

g Supersubfamily Proterodiplostomatidi Dubois, 1936
% Subfamilies Proterodiplostomatinae Dubois, 193J
15 : Polycotylinae Monticelli, 1888 | b
? Supersubfamily Ophiodiplostomatidi Dubois, 1936E

5 Subfamilies Ophiodiplostomatinae Dubois, 1936§

Proalarioidinae Sudarikev, 1960

R TS

Bolbocephalodoinea Dubois, 1970

LR he o R o o

E Subsuperfamily

f Family Bolbocerhalcedidae Strand, 1935

; Subfamily  Bolbocephalodinae Dubois, 1936 = |
i  Superfamily  CYATHOCOTYLOIDEA (Dubois, 1936) Nicoll, 1937
g Subsuperfamily Cyathocotyloinea Dubois, 1970 ‘5»
(

Family Cyathocotylidae Poche, 1226

Subsuperfamily Prohemistomatoinea Dubois, 1970

§
Families Prohemistomatidae (Dubois, 1938)
Sudarikov, 1961

¥

¥

i

;

3
Brauninidae Bosma, 1931 ;
P

&

*

;

1

A

Suborders CLINOSTOMATA Allison, 1943
- SCHISTOSOMATA La Rue, 1926

e e
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- Classification of Sudarikov (1959, 1960a and b, 1961)
J . fug

it
g%?der STRIGEIDIDA (La Rue, 1926) Sudarikov, 1959

3 (= STRIGEIDA Poche, 1926)

» fESuborder STRIGEATA La Rue, 1926 (= STRIGEOIDEA Railliet,
1919)

Superfamily STRIGEOIDEA Railliet, 1919 (= STRIGEOINEA
Dubois)

3
i
f - &
%
3

. Families Strigeidae Railliet, 1919
Duboisiellidae Sudarikov, 1959

Superfomily  DIPLOSTOMATOIDEA Nicoll, 1937

Families Diplostomatidae Poirier, 1886
Alariidae Tubangul, 1922
Bolbocephalodidae Strand, 1935

Superfamily = PROTERODIPLOSTOMATOIDEA Sudarikov, 1959

Families - Proterodiplostomatidae (Dubois, 1936)
Hughes, Higginbotham und Clary, 1942

o Ophicdiplostomatidae Sudarikov, 1960
Suborder  CYATHOCOTYLATA Sudarikov, 1959.

. Superfamily  GYATHCCOTYLOIDEA (Dubois, 1936) Nicoll,
1937

P s o

T o,

Familics Cyathocotylidae Poche, 1926
Brauninidae Bosma, 1931
Prohiemistomatidae Sudarikov, 1961

Py
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NOTES ON APPENDIX 1

A) Dubois (1964, 1970b) has adopted the order name Strigeida
(La Rue, 1926) Odening, 1960 and 1961 name and character
amended’(=,order Strigeatoidea La Rue, 1926, 1957 ex parte),
The suffix (-ida) conforms to the endings of the other
order. names proposed by La Rue (1957), and to the
proposals of Article 29 (Recommendation 29A) of the
International Code of Zoological Nomenclature, adopted by
the 15th International Congress of Zoology (published in
1961), The order is also redefined by Dubois (1970b) to
include the three suborders Strigeata La Rue, 1926,
Clinostomata Allison, 1943, and Schistosomata La Rue, 1926,

B) Sudarikov (1959) raised the supersuperfamily Strigelda
Poche, 1926 to the order rank, proposing the name
Strigeidida for this order, and as a new name for the
order Strigeatoidac La Rue, 1926, He rccognises two
suborders, Strigeata La Rue, 1926 and Cyathocotylata
Sudarikov, 1959, Dubois (1964) considers the
‘supersuperfamily Strigeida Poche, 1926 a syncnym of the
suborder Strigeata La Rue, Thus the order Strigeidida
of Sudarikov corresponds with the suborder Strigeata
La Rue of Dubois, Likewise, the suborder Strigcatn
La Rue of Sudarikov curresponds with the supexfamily
Strigcoidea Railliet, 1919 of Dubois. These rank
differences for analogous taxa between the classificatlons
of Dubois and Sudarikov extend to the famlly level end
balow, The table in this appendix includes the subfamilies

only in Dubois' clagsification,

C) Dubols and Sudarikov disagree as to the status of the



families Bolbocephalodidae Strand, 1935 and Protero=-
diplostomatidae Dubois, 1936, Dubois (1970b) placed the
former family in a distinct subsuperfamily, the
DBolbocephalodoinea (Dubois, 1936) Dubois, 1970 (a taxon
analogous with a superfamily in the classification of
Sudarikov; see Note B on previous page), Sudarikov
(1960b) considered that the Balbocebhalodidac should be
- placed in the superfamily Diplostomatoidea, and that
Dubois (1936) had been incorrect in creating a scparate
suprafamilial taxon for the family, Sudarikov also
proposed to remove the Proterodiplostomatidae to a
separate superfamily (designated Proterodiplostomatoidea
Sudarikov, 1959), This was intended to emphasise the
differences in final hosts between the Proterodiplost-
omatidae (parasites of reptiles) and the Diplostomatidae

(parasites of birds and mammals),
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APPENDIX 2

Definitions of the families Strigeidae Railliet,
1919 and Diplostomatidae Poirier, 1886, with lists of
their genera, Based on Dubois (1968a, 1970a snd b),

An asterisk denotes genera or subgenera for which

life-cycles are wholly or partly known,

Family Strigeidae Railliet, 1919,

Strigeoids; parasitic as adults in birds and mammals;
paraprostate lackiﬁg; forebody cup shaped, bearing two
lateral lappets and a holdfast, the two lips of which are
situated one dorsally, the other ventrally, and scparated
by a deep slit; proteolytic gland gencrally distinct,
situated at the junction of the forebody and hindbody;
ovafy generally kidney-shaped in dorsal view; testes
situated one bechind the other, and of various shapes;
‘known metacercariae belong to the larval genus Tetracotyle

de Filippi, 1855 parasitising snails, lecches, and all

classes of vertebrates,

Subfamily Strigeinae Railliet, 1919

- Strigeidae parasitic in birds as adults; vitellaria in
both fore- and hindbody, or confined to hindbody,

Tribe Strigeini Dubois, 1936 ex Railliet, 1919

Striéeiuae'with vitellaria in both fore- and hindbody,
Genera; Apharynpostripea®Ciurea, 1927; Chabaustrigea

Sudarikov, 1959; Ophiosoma Szidat, 1928; Strigca
Abildgaard, 1790; Parastrigea* Szidat, 1928,

Tribe Cotylurini Dubois, 1936

Strigeini with vitellaria confined to the hindbody,
Genera; Apatemon Szidat, 1928 (subgenera Apatcmont Szidat,




l§28; Australapatemon Sudarikov, 1959); Cardiocephalus¥
Szidat, 1928; Cotylurus Szidat, 1928 (subgencra Cotylurus
Szidat,“1928; Ichthyocotylurus® Odening, 1969); Nemato-
Strigea Sandground, 1934; Pseudapatemon Dubois, 1936;

Schwartzitrema Vigueras, 1941,

Subfamily Duboisiellinae Baer, 1938

Strigeidae parasitic as adults in mammals; vitellaria

confined to forebody,
Genus; Duboisiella Baer, 1938,

Family Diplostomatidae Poirier, 1886

Strigeoids parasitic as adults in birds or mammals; lacking
a paraprostate; forebody flattened, leaf-shaped or spatulate,
bearing a holdfast of definite shape, with or without a
central cavity, and with the proteolytic gland underlying
it; ovary of various shapes; testes of various shapes,
symmetrical or asymmetrical; known metacercariae belong
to larval genera Diplostomulum Brandes, 1892 and Neascus

Hughes, 1927 parasitic in all classcs of vertebrates,
Subfamily Diplostomatinae Monticelli, 1888 ex Poiriecr, 1886

biplostomatidae parasitic as adults in birds; vitellaria

in Loth fore- and hindbody, or confined to hindbody;
holdfast generally small to medium sized, with a median slit,

and not greater in diameter than half the length of the
forebody; 1life-cycle without a mesocercarial stage,

Tribe Diplostomatini Dubois, 1936 ex Poirier, 1886

Diplostomatinae with vitellaria in fore- and hindbody,
Genera; Bolbophorus* NDuboils, 1935; Diplostomum von
Nordmann, 1832 (subgenera Diplostomum* von Nordmann, 1832;

Tylodelphys* Diesing, 1850; Adenodiplostomum Dubois, 1937;
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Glossodiplostomoides Bhalerao, 1942; Austrodiplostomums
Szidat and Nani, 1951; Dolichorchis* Dubois, 1961);
Harvardia Baer, 1932; Hysteromorpha® Lutz, 1931;
Lophosicyadiplostomum Dubois, 19365 Mesoophorodiplostomum®
Dubois, 1936; Neodiplostomum Railliet, 1919 (subgenera
Neodiplostomum® Railliet, 1919; Conodiplostomum® Dubois,
1937); Neoharvardia R, Gupta, 1963; Ornithodiplostomums
Dubois, 1936; Posthodiplostomoides¥ M,0, Williams, 1969
Posthodiplostomum®s Dubois, 1936; Sphincterodiplostomums
Dubois, 1936; Procrassiaphiala Verma, 1936,

Tribe Crassiphialini Dubois, 1936

Diplostomatinae with vitellaria largely or entirely
confined to hindbody, ‘

Genera; Allodiplostomum Yamaguti, 1935; Cercocotyla
Yamaguti, 1939; Crassiaphiala® Van Haitsma, 1925;
Pscudodiplostomum Yamaguti, 1934; Pulvinifer Yamaguti,
1933; Scolopacitrema Sudarikov and Rykovsky, 1958;
Subuvulifer Dubois, 1952; Uvulifer® Yamaguti, 1934

Tribe Codonocephalini Sudarikov, 1959

Diplostomatinae with vitcllaria confined to the hindbody;
aberrant holdfast; progenetic metacercaria in frogs,

Genus; Codonocephalus® Diesing, 1850

Subfamily Alariinac Hall and Wigdor, 1918

Diplostomatidae parasitic as adults in mammals; Vitellaria
largely or entirely confined to the forebody, tending to
accumulate in the holdfast which is often greatly enlarged;
life-cycle includes a mesocercarial stage,

Genera; Alaria Schrank, 1788 (subgenera Alaria* Schrank,
1788; Paralaria* Krause, 1914); Cynodiplostomum Dubois,
1936; Didelphodiplostomum® Dubois, 1944; Fibricola¥*




Dubois, 1932; Pharyngostomoides®* Harkema, 1942,
Pharyngostomum® Ciurea, 1922; Podospathalium Dubois, 1932;
Procvotrema Harkema and Miller, 1958; Prudhoella

Reverly-Burton, 1960,




APPENDIX 3

Definitions of’strigcoid larval genera - from Hoffman (1960),

Larval genus Diplostomulum Brandes, 1892

1) Forebody foliaceous, concave ventrally,

2) Hindbody a small conical prominence on the postero-

- dorsal part of the forebody,

3) Reserve excretory system of more or less definitely
arrhnged tubules with calcarcous corpuscles, round
or eilipsoidal, disposed in vesicles at termini of
small branches,

4) Usudlly a pair of lateral pseudosuckers on the antero-
lateral edges of the forebody, beside the cral sucker,

5) No true cyst of parasite origin (except in Balbophorus
confusus (Krause, 1914) and in Dolichorchis spp.).

6) Known adult species beleng to the family Diplostomatidee

Poirier, 1886,

Larval genus Tetracotyle de Filippi, 1855
1) Forxebody oval or ovate-oblong in centour, and relatively

thick, concave ventrally, or cup=-shaped,

2) lindbody a short rounded prominence at posterior end
of forebody, somctimes incospicuous,

3) Reserve excretory system a large continuous space
occupying dorsal and lateral regions of the forcebody,
with a sheet-like extension into the ventral lip of the
anterior suctorial pocket; small bodies in reserve
excretory vessels, mainly in the anterior part of the
worm,

4) A pair of lateral pscudosuckers on anterolateral edge

beside oral suclker,



5)

6)
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A true cyst of parasite origin. .
Known adult species belong to the family Strigeidae

Railliet, 1919,

Larval genﬁé Neascus ﬂughes, 1927

1)
2)

3)

1;5
5)

6)

Forebody much like Diplostomulum,
Hindbody more extensively developed than in

Diplostomulum,

Reserve excretory system more extensively developed

sthan in Diplostomulum; with calcareous corpuscles
' not confined to termini of small branches, which do

" not end blindly, but constitute anastomoses,

No' lateral pseudosuckers,
Generally euncysted with true cyst of parasite origin,

"Known adult species belong to the family

Diplostomatidae Poirler, 1886,
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APPENDIX 4

Diagnoses, where available, of those genera and species
listed in Chapter 1., Based on Dubois, 1968a, 1970a
Niewiadomska, 1971a and Odening, 1969,

1

Genus Apatemon Szidat, 1928

Cotylurini with bisegmented body; pharynx present;
forebody variously cup-shaped, lacking lateral extensions,
small multilobed proteolytic gland, lacking vitellaria,
Hindbody sac-shaped, subreniform or subcylindrical;
generally curved and lacking a collar, scparated from
the forebody by a constriction, Ellipsoidal or reniform
ovary in the anterior 2/5 ths, of the hindbody; testes of
various shapes and generally oriented obliquely, may be
bi- or trilobed (with the lobes dirccted anteriorly) or

~ multilobed, Copulatory bursa of medium size, with a
" terminal opéning containing a genital cone at the base of
which the uterus and ejaculatory duct unite to form the

hermaphroditic duct,

Subgenus Apatemon Szidat, 1928

Apatemon with poorly developed genital cone traversed

by a narrow, straight, hermaphroditic duct with little

associated musculature, Cerceriae with rudimentary gut
cacca; six, eight, or more postacetabular penetration
gland cells, Excretory formula 2[(2)+((2)+(1))]= 10;

postacetabular excrctory comnlssure; metacercariae In

fishes,

Apotemon (A.) gracilis (Rudolphi, 1819) Szidat, 1928
Length to 2.3 mm, Forebody (350-700/250-540 pm);
hindbody (600-1800/200-600um) separated from the forcbody
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by a distinct constriction; tapering towards the rear.
Ratio hindbody/forcbody length = 1,9-3,0, Oral sucker
terminal (85-180/70-140 um), followed by a small pharynx

- (45-80/40-80 pm); ventral sucker postequatorial (100-255/
90-245 pm), Ovary oval (70-130 pm long), situated in hind-
body between 22 and 40% of the length of the hindbody,

- Testes possess two large lobes directed antero-dorsally,
and occupy the second or third quarters or the third and
fourth fifths of the hindbody, first testis oriented
obliquely (170-380 pm long), second longer (190-435 um long)
Vitellaria most demse ventro-laterally in hindbody,
especially anterior to the ovary, but rcaching almost to the
posterior of the body. Copulatory bursa rather small, with
a terminal pore lacking a distinct muscular sphincter; '
genital cone small (210/150 um), traversed by a narrow

hermaphroditic duct,

Subgenus Australapatemon Sudarikov, 1959

. Apatemon with well developed and muscular genital
cone, traversed by a muscular, and often convoluted,

hermaphroditic duct., Cercaria with gut terminating in
two long caeca, Eight (rarely six) postacetabular
penetration gland cells, Excretory formula
2[(2)+((4)+(L))] = 14; with one or two excretory comm=

issures, Metacercariae in leeches,

Apatemon (Australapatemon) minor Yamaguti, 1933

Length to 2.5 mm, Forebody (250-870/280-630 yum);
hindbody (540-1730/250-670 um), separated from the
forcbbdy by a distinct constriction, Ratio hindbody/

- forebody length = 1,4-2,6, Oral sucker terminal or
subterminal (80-145/60~130 pm), followed by a much
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smaller pharynx (40-65/33-65 pm), Ventral sucker

cquatorial or postequatorial (92-198/80-198 um). Ovary
oval, (66-135 um long), situated in hindbody betwecen

13 and 28% along the length of the hindbody. Testes

lobed, occupying the second and third quarters of the
hindbody; first testis oriented obliquely (99-306 um long),
the second a little longer (130-408 um long), Vitellaria
extend ventrolaterally in the hindbody from the junction
of the two segments, but do not completely mask the genital
cone, Copulatory bursa of medium size, with a distinct
but small genital cone (150-280 pm long). Hermaphroditic
duct broad, and transversely folded when the genital cone

is retracted.

Genus Cotylurus Szidat, 1928

Cotylurini with bisegmented body; pharynx present,
Porebody variously cup~shaped or hemispherical, lacking
lateral extensions; Proteolytic gland poorly developed
and rather diffuse; forcbody may contain a few vitellaria,
Hin&body variously cylindrical, lacking a collar, and
separated from the forcbody, to which it is often attached
excentricaliy, by a distinct constriction, Ellipsoidal

+ or reniform ovary situated in the anterior half of the

hindbody, Testes may be trilobed with the lobes directed
posteriofly (one dorsal and two lateral), or multilobted,
Copulatory bursa of moderate size with a subterminal
dorsal pore; genital cone absent, but a genital buldb
present, at the base of which the genital ducts cmerge

dorsally into the copulatory bursa,

Subgenus’ Cotylurus $zidat, 1928

Testes with three lobes. Cercarlac with two palrs
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of preacetabular peneiration gland cells, Flame cell
formula 2[(2+2)+((2+2)+(2))] = 20, preacctabular excrectory
commissure present, Metacercariae in snails and leeches,

Cotylurus cornutus (Rudolphi, 1808) Szidat, 1928

Length to 2,75 mm, Forebody hemispherical to cup~
shaped, broader than long (300-720/340-800 um), or may be
globular in a state of contraction. Hindbody (900-2100/
380-740 um), attached excentrically to the forebody, from
which it is scparated by a distinct conétriction; maximum
diameter at level of testes, slightly tapered posterior to
these, Ratio hindbody/forebody length = 2,4-4,4,

Oral sucker marginal (65-155/65-140 um), much smaller than
the equatorial or postequatorial ventral sucker (100-200 pm),
Pharynx (45-110 um), Ovary spherical or oval, situnted
in the hindbody between 16 and 34% along the length of the
hindbody, Testes rather large and trilobed, lobes directed

? posteriorly; first testis (225-500 pm long), second testis
(270-570 um long)., Vitellaria entirely confined to the
ventro-lateral region of the hindbody, extending posteriorly
to the beginning of the copulatory bursa, Copulatory bursa
of medium size, containing a genital bulb,

Subgenus Ichthyocotylurus Odening, 1969

Testes trilobed or multilobed, Cercariae with two
pairs of postacetabular penctration gland cells, Excretory

formula 2[(2+2)+((2+2)+(2))] = 20, preacetabular excretory

conmissure, Metacercariac in fishes,

Cotylurus/(Ichthyocotvlurus) variepetus (Creplin, 1825)

Szidat, 1928, sensu Odening and Bockhardt, 1971,

No diagnosis available from the literature,
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Genus Diplostomum von Nordmann, 1832

biploshomatini, with the body biscgmented to a
gfeater or lesser extent; anterior extremity bears
lappets; holdfast circular or (more rarely) elliptical in
outline, with a median slit, Ovary anterior to testes,
Shape and structure of testes varying between subgencra,

Metacercariae of the larval genus Diplostomulum Brandes,

1892,

Subgenus Diplostomum von Nordmann, 1832

Diplostomum with distinctly bisegmented body; first
testis asymmetrical; copulatory bursa lacking a genital

cone, Cercariae posses four pairs of postacetabular
penetration gland cells, Calcarcous bodies in the reserve
excretory system of the metacercaria are spherical in

shape, Metacercariae in fish and cyclostomes.

Diplostomum (D.) spathaceum spathaceum (Rudolphi, 1819)
' Braun, 1893

‘Length to 4,45 mm, Forebody flattencd, oval or
elliptical in outline (600-1800/270-960 pm), broadest at
the level of the holdfast; anterior extremity trilobed,
bearing the oral sucker and lappets, Hindbody (500-3220/
190-720 pm) attached to the forcbody close to the posterior
edge of the dorsal face of the latter, rather narrow at
this junction, but broader toward the testes, Ratio
hindbody/forebody length = 0,66-2,62, Pharynx elliptical
(16-91/10-75 um), often similar in length to the oral sucker
(20-100/20~104 wm). Ventral sucker larger (23-110/

20-140 um), situated between 47 and 60% along the length
of the forebody., Holdfast circular or elliptical in
outline (55-450/33-390 um), often slightly protruding;
bilobed proteolytic gland lyling under.posterior extremity
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of holdfast, Ellipsoidal ovary (20-255/23-235 um)
situated lateraily in hindbody between 25 and 58% along
the length of the hindbody, Testes concave ventrally,
situated in the fourth and fifth sixths of the hindbody;
first testis asymmetrical (40-460/50-650 pm), and the
second bilobed (40-485/50-650 um), occupying the entire

- width of the body, Vitellaria occur in the forebody to

the anterior edge of the holdfast, but are most dense in

‘the hindbody, Copulatory bursa small with a subterminal

pore, -

Diplostomum (D,) phoxini (Faust, 1918) Arvy and Buttner, 1954

Length to 1,42 mm, Forebody elliptical. (320-700/
300-600 um), often deeply concave ventrally, Anterior
extremity trilobed, bearing the oral sucker and lappets,
Hindbedy (290-720/220-400 um) short and cylindrical or

subconical, recurved dorsally, and

‘often slightly shorter than the forebody, from which it

is separated by only a slight constriction, Ratio
hindbody/forebody length = 0,60 ~ 1,03, Pharynx
ellipsoidal (48-70/31-45 pm), slightly shorter than

the oral sucker (50-72/40-80 pm); ventral sucker
(50-80/70-96 pm) situated between 50 and 66% along the
length of the forebody, Holdfast circular in outline
(90-180/90-160 pm), Ellipsoidal ovary, median or sube
median, situated at the juncﬁion of the segments, Testes
occupying the first half or two-thirds of the hindbody;
first testis asymmetrical (54-190/125-220 um), the

second bilobed, and concave ventrally (72-300/180-360 um),
Vitellaria abundant in the forebody, and often extending
anterior of the ventral sucker; less abundant in the
hindbody, Copulatory bursa small with a subterminal pore,

and a muscular wall,
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Diplostomum (D,) gasterostei Williams, 1966

Dubois (1970a'p 310) considers the diagnosis for

D, phoxini to suffice for thils species also, However,

specimens of D, gasterostel obtained in this study
greatly exceed (Table 6) the dimensions quoted by Dubois

- for D, Ehoxini«.

: The copulatory bursa of D, gasterostei lacks the
muscular wall reported for D, phoxini (see Dubois, 1970a
- p 310),
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